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From page 4, left column, paragraph [0025] to page 6, left column, paragraph 
[0052]. 

[0025] 

EMBODIMENTS OF THE INVENTION 
First Embodiment 

Fig, 1 shows the structure of the exposure section of a KrF 
sequential-movement reduction projection exposure apparatus 
(stepper) as a first embodiment of the present invention. The 
exposure section includes a projective optical system 6, a final 
stage projection lens 9 , and a substrate 10 to be exposed. A shutter 
14 is provided between the substrate 10 and the lens 9. 
[0026] 

The shutter 14 opens its aperture during exposure , allowing 
exposure light to pass through it, and shuts the aperture during 
non-exposure. The area of the aperture of the shutter 14 can be 
varied in accordance with the numerical aperture (NA) of the 
projective optical system 6 so as to be the minimum area that does 
not block the optical path for the exposure light. Specifically, 
the aperture area of the shutter 14 is set at a larger value for 
a larger NA, and at a smaller value for a smaller NA. 
[0027] 

The exposure section has a space SI formed on one side of 
the shutter 14 and a space S2 formed on the other side. The space 
SI is adjacent to the projective optical system 6. The space S2 
is adjacent to the substrate 10. The space SI adjacent to the 

1 



optical system is supplied with an inert gas through a gas inlet 
(pressure setting means) 16. This makes the pressure in this space 
Si slightly higher than that in the space S2 adjacent to the 
substrate. If the pressure in the space S2 is 1.000 atmosphere, 
the pressure in the space Si is set at 1.005 atmospheres. 
[0028] 

With the aperture of the shutter 14 opened, as shown in Fig. 
1(A) , the substrate 10 can be exposed by being irradiated with the 
exposure light 15 from a KrF light source (not shown) through the 
projective optical system 6, where a reticle (not shown) is set. 
[0029] 

Immediately after the exposure, as shown in Fig. 1(B), the 
aperture of the shutter 14 shuts to prevent the gas 8 generated 
from the resist on the substrate 10 from moving to the projective 
optical system 6. This prevents the projection lens 9 from being 
contaminated with the gas 8 immediately after the exposure (before 
the exposed substrate 10 moves to the next shot position). 
[0030] 

Subsequently, as shown in Fig. 1(C), the substrate 10 moves 
to the next shot position, and the aperture of the shutter 14 opens. 
When the aperture opens, the exposed region of the substrate 10, 
where the gas 8 is generated from the resist, has moved away from 
the position just under the aperture. Besides, the pressure in the 
space SI adjacent to the optical system is slightly higher than 
that in the space S2 adjacent to the substrate. Consequently, the 
gas 8 does not move through the aperture of the shutter 14 to the 



projective optical system 6. This prevents the projection lens 9 
from being contaminated with the gas 8 after the exposed substrate 
10 moves to the next shot position. 
[0031 ] 

After the steady operation of such a stepper for six months, 
the projection lens 9 was inspected. The inspection revealed that 
the lens 9 had a very small amount of deposit thereon within an 
allowable range. 
[0032 ] 

Second Embodiment 

Fig. 2 shows the structure of the exposure section of a KrF 
scanning reduction projection exposure apparatus (scanner) as a 
second embodiment of the present invention. The parts of this 
embodiment that are identical with the counterparts of the first 
embodiment are assigned the same reference numerals in place of 
the description. 
[0033] 

This embodiment differs from the first embodiment in 
including a slit plate 24 between the substrate 10 to be exposed 
and the projection lens 9. The slit plate 24 has an always-open 
aperture in the form of a slit. The area of the aperture (the slit 
length) of the slit plate 24 can be varied in accordance with the 
numerical aperture (NA) of the projective optical system 6 so as 
to be the minimum area that does not block the optical path for 
exposure light. Specifically, the aperture area of the slit plate 
24 is set at a larger value for a larger NA, and at a smaller value 
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for a smaller NA. 
[0034] 

That surface of the slit plate 34 which is adjacent to the 
substrate is coated with a methyl polymethacrylate film containing 
five parts calcium and having a thickness of 500 nm. 
[0035] 

As is the case with the first embodiment, the space SI adjacent 
to the optical system of this embodiment is supplied with an inert 
gas through the gas inlet 16. This makes the pressure in this space 
SI slightly higher than that in the space S2 adjacent to the 
substrate. If the pressure in the space S2 is 1.000 atmosphere, 
the pressure in the space SI is set at 1.005 atmospheres. 
[0036] 

As shown in Fig. 2(A), the substrate 10 can be exposed by 
being irradiated with the exposure light from a KrF light source 
(not shown) through the projective optical system 6, where a reticle 
(not shown) is set, and through the aperture of the slit plate 24. 
[0037 ] 

immediately after the exposure, as shown in Fig. 2(B), the 
substrate 10 moves to the next shot position. At the same time, 
the exposed region of the substrate 10, where gas 8 is generated 
from the resist, moves away from the position just under the aperture 
of the slit plate 24. Besides, the slit size in the scanning 
direction is smaller than the aperture size of a stepper. In 
addition, the pressure in the space SI adjacent to the optical system 
is slightly higher than that in the space S2 adjacent to the 
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substrate. Moreover, that surface of the slit plate 24 which is 
adjacent to the substrate is coated with a substance that chemically 
adsorbs organic gases. Consequently, the gas 8 does not move 
through the aperture of the slit plate 24 to the projective optical 
system 6. This prevents the contamination of the surfaces of the 
projection lens 9 by the gas 8 more effectively than in the first 
embodiment . 
[0038] 

After the steady operation of such a scanner for six months, 
the projection lens 9 was inspected. The inspection revealed that 
the lens 9 had a very small amount of deposit thereon within an 
allowable range. 
[0039] 

In each embodiment, that surface of the shielding member 14 
or 24 which is adjacent to the substrate is coated with methyl 
polymethacrylate . The shielding member of the present invention 
may, however, be coated with another adsorbent. 
[0040] 

Third Embodiment 

Fig. 3 shows the structure of the exposure section of a KrF 
scanning reduction projection exposure apparatus (scanner) as a 
third embodiment of the present invention. The parts of this 
embodiment that are identical with the counterparts of the second 
embodiment are assigned the same reference numerals in place of 
the description. 
[0041 ] 
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The exposure section of this apparatus includes a slit plate 
34 between the substrate 10 to be exposed and the projection lens 
9. The slit plate 24 is made of quartz, and its surface adjacent 
to the substrate is coated with a titanium oxide having a thickness 
of 100 nm. 
[0042] 

As is the case with the second embodiment, the space adjacent 
to the optical system of this embodiment is supplied with an inert 
gas through the gas inlet 16. This makes the pressure in this space 
slightly higher than that in the space adjacent to the substrate. 
If the pressure in the space adjacent to the substrate is 1.000 
atmosphere, the pressure in the space adjacent to the optical system 
is set at 1.005 atmospheres. 
[0043 ] 

As is the case with the second embodiment, the slit plate 
34 and the difference in air pressure between the space adjacent 
to the optical system and the space adjacent to the substrate prevent 
the surfaces of the projection lens 9 from being contaminated by 
gas . As shown in Fig . 3 , the titanium oxide ( that is , the slit plate 
34) is irradiated periodically (about once a week in steady 
operation) with the cleaning light 19 from a KrF light source (not 
shown) through the projective optical system 6. The radiation of 
the cleaning light 19 makes the titanium oxide act as a photocatalyst 
to decompose and remove the organic substances sticking to that 
surface of the slit plate 34 which is adjacent to the substrate. 
This avoids the necessity of frequently replacing the slit plate 
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34. 

[0044] 

The slit plate 34 is made of quartz, but might be made of 
other transparent material. Alternatively , the shutter of the 
stepper shown as the first embodiment might be made of quartz or 
other transparent material and coated with a titanium oxide. 
[0045] 

The three embodiments are a stepper and scanners each 
including a light source such as a KrF light source, but the present 
invention may be applied to exposure apparatus including another 
light source or another system. 
[0046] 

Fourth Embodiment 

Figs. 4 and 5 show processes for producing semiconductor 
devices by using one of the stepper and scanners as the embodiments. 
These processes may be used to produce semiconductor chips such 
as ICs or LSIs, liquid crystal panels, CCDs, thin-film magnetic 
heads, micromachines , or microoptics. 
[ 0047 ] 

Fig. 4 is a flow chart from circuit design to delivery. First, 
at Step 1, a circuit design is prepared for semiconductor devices. 
Next, at Step 2, a mask ( reticle ) structure is made with the designed 
circuit pattern formed on it. In the meantime, at Step 3, a wafer 
is made of silicon or the like. 
[ 0048 ] 

Next, at Step 4, a pre-process is performed, which is a process 
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of forming an actual circuit on the wafer photo-lithographically 
with the mask structure. Then, at Step 5, an after-process is 
performed, which is a process of making into semiconductor chips 
the wafer with the circuit formed on it . The after-process includes 
an assembling step (a dicing step and a bonding step) and a packaging 
step . 
[0049] 

The operation, durability, etc. of the thus produced 
semiconductor devices are inspected or checked at Step 6. Then, 
the devices are delivered at Step 7. 
[0050] 

Fig. 5 is a detailed flow chart of the pre-process. First, 
at Step 11, the surfaces of the wafer are oxidized. At Step 12, 
an insulating film is formed by CVD on the oxidized wafer surfaces. 
Next, at Step 13, electrodes are formed by vaporization (vapor 
deposition) on the wafer. Then, at Step 14, ions are implanted in 
the wafer. 
[0051] 

Subsequently, at step 15, the wafer is coated with a 
sensitizer. At Step 16, the coated wafer is exposed with the 
circuit pattern of the mask printed on it. By using one of the 
stepper etc. as the embodiments at Step 16, it is possible to produce 
highly integrated semiconductor devices, which have so far been 
difficult to produce. Before Step 16, an inert gas is supplied 
through the gas inlet 16 to the space adjacent to the optical system 
to raise the air pressure in this space (Step 16' ) . if the scanner 
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as the third embodiment is used, the shutter 24 is irradiated 
periodically with cleaning light (Step 16") before Step 16. 
[0052] 

At Step 17 after the exposure, the circuit pattern on the 
wafer is developed. At Step 18, the portions other than the 
developed pattern are removed by etching. At Step 19, the resist 
that has become useless after the etching is removed. These steps 
are repeated to superpose circuit patterns on the wafer. 

Fig. 4 
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